Las21 (Yjl062W) is a member of the major facilitator super family, possessing multimembrane spanning domains. The LAS21 gene was identified as a responsible gene for a Saccharomyces cerevisiae mutan which shows sensitivity to a local anestheticum, tetracaine. The null las21 mutant (las21∆) is viable but shows temperature sensitive growth. We found, in addition to this phenotype, that the las21∆ strain shows a number of defects; mating deficiency, calcofluor resistance, and formation of Zymolyase sensitive spores. Temperature sensitive growth of the las21∆ mutant was found to be suppressed by 0.1 M MgSO 4 . Two multicopy suppressors were obtained. They are ECM33 (YBR078W) and PIR2/HSP150 (YJR159W) both have some roles in an extracellular function. The common features of the suppressors, genetic and physiological, of the las21∆ mutation suggest that Las21 participates in a global activity of extracellular phenomena. The las 21 phenotypes are consistent with the idea that Las21/Gpi7 acts in metabolism of glycosylphosphatidylinositol.
INTRODUCTION
Las21/Gpi7 (Yjl062w) is a protein belonging to the major facilitator super family and constitutes a subfamily with Mcd4 (Ykl165c) and Yll031c (Nelissen et al., 1997) . These three proteins commonly possess multiply spanning transmembrane domains at the C-terminal half, a signal sequence at the N-terminus and a hydrophilic domain in between. Two las21 mutants were identified by screening mutants sensitive to local anestheticum, tetracaine (Toh-e and Oguchi, 1998) . LAS21 is a non-essential gene but its disruption caused temperature sensitive growth. Since disruptant shows temperature sensitive phenotype, thermolability of Las21 protein, if any, can not be the cause of the temperature sensitivity. Previously, we found that high osmolarity or salts suppresses the temperature sensitive phenotype, implying that Las21 may be involved in cell wall integrity or the stress response pathway.
There is another group pursuing the function of Yjl062w from a different point of view, GPI (glycosylphosphatidylinositol) metabolism. GPI anchored proteins are widely seen in eukaryotic cells. The addition of a GPI-anchor takes place in endoplasmic reticulum membrane. Newly synthesized transmembrane proteins to be anchored to GPI, in the topology of the C-terminal side in membrane and the N-teminal side in the lumen, are transferred to a GPI anchor by transamidation to generate GPI-proteins (Hamburger et al., 1995; Benghezal et al., 1996; Sharma et al.1999) which are subsequently transported to the cell surface by way of the secretory route. Benachour et al. (1999) screened yeast mutants that are unable to display the GPI-anchored α-agglutinin at the outer surface of the cell wall and obtained a series of gpi mutants (gpi4 -gpi10). One of the mutants in their collection, gpi7, was found to be a mutant of the YJL062w gene (= LAS21). According to their analysis of GPI precursors produced in the gpi7 mutant, they proposed that Gpi7 is a transferase adding a side chain to the α-1, 6-linked mannose of the GPI core structure. However, enzymatic activity of Gpi7 remains to be shown.
The MCD4 gene was identified during characterization of mutants defective in bud emergence and polarized growth independent of the requirement for the actin cytoskeleton (Mondesant et al., 1996) . The fact that a temperature sensitive mcd4 mutant accumulated GPI intermediates suggests that MCD4 may have a role in the assembly of GPI precursors (Gaynor et al., 1999) . Enzymatic anctivity was not shown here, either.
In this study, we further examined the phenotypes displayed by the las21∆ mutant and found some defects related cell surface phenomena. We also screened multicopy suppressors of temperature sensitivity of the las21∆ strain and found ECM33 and PIR2, both of which have some connections with cell surface. Our observation is in accordance with the report that Las21/Gpi7 is a factor acting in metabolism of GPI-anchor precursor.
MATERIALS AND METHODS
Strains and media. Principal yeast strains and plasmids used in this study are listed in Table 1 . All the yeast strains, except YAT1527 (Toh-e et al., 1993) , are derivatives of W303D. Strains and plasmids derived from those listed in Table 1 were also used as described in the text. YPD consisted of 2% glucose, 1% Bacto-yeast extract (Difco), 2% Polypepton (Nihon Seiyaku), 400mg/l adenine sulfate and 20 mg/l uracil. 1 M sorbitol or 0.1 M MgSO 4 was supplemented as indicated. YPD-calc is YPD supplemented with 4 µg/ml calcofluor white (Sigma). YPGal was prepared by replacing 2 % glucose in YPD with 2 % galactose. SD consisted of 0.67 % Yeast Nitrogen Base without amino acid (DIFCO) and 2 % glucose. Appropriate amino acids and nucleic acid bases were added when required. Sporulation medium consisted of 1% potassium acetate and 400mg/l adenine sulfate.
was used for construction and propagation of plasmids. Luria broth, pH 7.2, consisted of 1% Bacto-trypton (Difco), 0.5% Bacto-yeast extract (Difco), and 0.5% NaCl. Ampicillin (50 µg/ml) was added as appropriate. All media were solidified by adding 2% agar (Shoei Chem.) when needed. Yeast transformations were carried out as described by Ito et al. (1983) and Schiestl and Gietz (1989) . E. coli transformations were done as described (Inoue et al., 1990) . Yeast cells were grown at 25°C unless otherwise noted. E. coli cells were grown at 37°C.
DNA manipulation. Isolation of plasmid DNA and restriction analysis were done as described (Sambrook et al., 1989) . Yeast genomic DNA was isolated by the glass beads method (Hoffman and Winston, 1987) . A specific segment of DNA was amplified by Polymerase Chain Reaction (PCR) according to the manufacturer's instruction. Nucleotide sequences of DNA were determined by the dideoxy chain termination method (Sanger et al., 1977) Table 2 .
Plasmid construction. TOp763 (ecm33::URA3): About 1000 bp upstream region of the ECM33 ORF was amplified using primers Ecm33-6 (forward) and Ecm33-2 (reverse) and genomic DNA of W303-1B as template. About 1000 bp 3' non-coding region of the ECM33 gene was amplified using primers Ecm33-4 (forward) and Ecm33-5 (reverse) and genomic DNA of W303-1B as template. The former DNA segment was cut with restriction enzymes HindIII and BamHI, and the latter DNA segment was cut with SalI and HindIII. Two DNA segments were purified by 1 % agarose gel electrophoresis followed by ligation with pRS306 digested with BamHI and SalI to obtain TOp763 which was used for disruption of ECM33. TOp682 (Ecm33-lacZ): About 1000 bp fragment containing the promoter region and 60 bp of the ECM33 ORF was amplified using primers Ecm33-1 (forward) and Ecm33-2 (reverse) and genomic DNA of W303-1B as template, and then digested with NotI and BamHI. The resulting fragment was inserted into the NotI-BamHI gap of pRS306 to generate TOp670. The lacZ fragment without the nucleotide sequence corresponding to the the Nterminal eight codons (Casadaban, 1983) was excised from pAT196 (Imura et al., 1989) Sensitivity of spores to Zymolyase treatment. W303D (+/+) and YAT2290/YAT2498 (las21∆/las21∆) diploids were smeared on sporulation medium and incubated at 25°C for 3 days. A portion of sporulated culture of each strain was scraped off and suspended in 10 µl of Zymolyase solution (50 mM KPO 4 buffer, pH7.5, 1.2 M sorbitol, 14 mM ß-mercaptoethanol, 0.2 mg/ml Zymolyase 100T) and then 2 µl of 2 % low melting point agarose was added to the suspension. One drop of the spore suspension was placed on a slide glass, covered with a cover slip, and sealed with nail polish. Time lapse photography was performed at the room temperature.
Determination of ß-galactosidase activity. Cells harvested were suspended in 50 µl of breaking buffer (100 mM Tris-HCl, pH 8.0, 1 mM DTT, 20 % glycerol) and disrupted by vortexing at the top speed with equal volume of glass beads (0.5 mm in diameter) for 5 minutes at 4°C as described previously (Guarrente, 1983) . 50 µl breaking buffer was added, mixed and supernatant was separated by centrifugation at 10,000 x g for 5 minutes. Supernatant thus obtained was sujected to determination of protein concentration and ß-galactosidase activity. Protein concentration was determined by the BCA kit purchased from Pierce (Rockford, IL) using bovine serum albumin as standard. ß-galactosidase activity was asssayed as described using o-nitrophenyl ß-D-galactopyranoside Table 2 . Primers used in this study Primer Sequence* Position
5'-AAGGAAGCTTATATGCCAAATGAAGC-3' *-735 -*-715 Pir2-1 5'-GGAAGCGGCCGCGATTGACCGAAATCAGTC-3' **-61 -**-80 Pir2-2 5'-GGAAGGATCCTTTTTGTATTGCATTATATTATTATTATTG-3' **-15 -**+15 *, Bold letters indicate the nucleotide sequences derived from the genomic sequence. The restriction sites introduced were indicated by italics.
(ONPG) as substrate. In brief, reaction mixture (1 ml) containing the indicated amount of extract, Z-buffer (Miller, 1972) , and 0.8 mg/ml ONPG was incubated at 28°C until pale yellow color developed. Then, reaction was stopped by adding 0.5 ml 1 M Na 2 CO 3 and OD 420nm was recorded. ß-galactosidase activity was expressed as 1.7 x OD 420nm /0.0045 x [protein (mg/ml) x extract (ml) x reaction time (minutes)].
RESULTS
Newly found phenotypes of the las21∆ ∆ ∆ ∆ ∆ mutant. During plate work with the las21 mutant strains, we found several new features displayed by the mutant. or YAT2325 in a tube containing 2 ml of fresh YPD. YAT2485 cells (ca. 10 5 ) were similarly mated with the mating partner described above. After incubation for 7 hours at 25°C cells were collected by centrifugation at 3000 rpm for 2 minutes (Sakuma ) and suspended in 1 ml of steril water. Number of YAT2290 or YAT2485 cells and diploid cells in each mating mixture was counted by plating on SC-leucine or SC-histidine drop out plates. Diploid cells produced in mating mixture containing YAT2290 was counted by plating on SC-(leucine and uracil) and those in the mixture containing YAT2485 was counted on SC-(histidine and uracil). Table 3 indicates that mating efficiency decreased to 1/3 to 1/4 of that of a wild type pair when one of the mating partner was las21∆ and to 1/100 when both strains were las21∆. (b) Calcofluor resistance: The fact that temperature sensitivity shown by a las21∆ mutant was suppressible by 1 M sorbitol (Toh-e and Oguchi, 1998) suggested a defect in wall integrity and prompted us to compare sensitivity to a drug, calcofluor, which preferentially binds to chitin and kills cells depending on the composition of polysaccharide in the yeast cell wall. A dilution of overnight culture of W303-1B (wild type),YAT2290 (las21∆), YAT1856 (las21-1), or YAT1865 (las21-2) was spread on a YPD plate or a YPD-calc plate and the plates were incubated at 25°C for 3 days. As shown in Fig.1 a, Cell number of the overnight culture of the abundant partners was counted by hemocytometer and about 10 7 cells were inoculated into a mating mixture which contained 10 µl of overnight culture of the limiting partner (approximately 10 5 cell). After mating reaction, cells were collected and resuspended in 1 ml sterile water. b, A dilution of the mating mixture containing either YAT2290 or YAT2485 was spread on SC-leucine plate or SC-histidine plate, respectively. Limiting partner cells and diploid cells were counted. c, A dilution of the mating mixture containing YAT2290 was spread on SC-(leucine and uracil) and that containing YAT2485 on SC-(histidine and uracil). d, B/A Fig.1 . Calcofluor resistance of the las21 mutants. An appropriate dilution of the wild type strain (W303-1B), YAT2290 ( las21∆), YAT1856 (las21-1), and YAT1865 (las21-2) were spread on YPD and YPD-calc (4 µg/ml calcofluor) plates which were incubated at 25°C for 3 days.
veying other physiological suppressors, we found that 0.1 M Mg 2+ efficiently suppressed las21∆ (Fig.2) .
(d) las21 ∆ ∆ ∆ ∆ ∆ spores are sensitive to Zymolyase digestion: During tetrad dissection of las21∆/ las21∆ homozygous diploids, we awared that spoers were frequently collapsed during Zymolyase digestion. To visualize spore lysis, las21∆/ las21∆ diploid cells were scraped off from sporulation medium and suspended in Zymolyase solution containing low melting point agarose and mounted on a slide glass. The wild type (W303D) cells were also processed similarly as reference. Time course of digestion was observed under microscope (Fig. 3) . After 3.5 hours of incubation at room temperature, las21∆ spores began to lyse while wild type spores did not. After overnight incubation, the wild type spores remained intact (data not shown). This obervation indicates that the las21∆ spore wall is susceptible to lytic enzyme, suggesting the mutant spore wall has a different composition from that of the wild type spore wall.
Does the Hog1 pathway participate in suppression of las21∆ ∆ ∆ ∆ ∆? The fact that temperature sensitivity of the las21∆ mutant is suppressed by 1 M sorbitol led us to assume that the HOG1 pathway might induce the battery of genes to recover the ability of growing at higher temterature. To examine this idea, the HOG1 gene on a multicopy vector was introduced into YAT2290 (las21∆) and the resultant transformants were tested for their growth at 37°C (data not shown). Since Hog1 kinase should be activated by Pbs2 kinase, mere overproduction of Hog1 might not be enough for activation of downstream genes. To circumvent this problem, an activated Pbs2 mutant kinase gene (Pgal1-PBS2 EE ) was introduced into the YAT2290. Again, the transformants did not grow at the restrictive temperature even in YPGal medium (data not shown). We further tested genetic interaction between HOG1 and LAS21 by constructing double disruptants, which show temperature sensitive growth and osmosensitivity, indicating no genetic interaction. Then, we tested the possiblity whether HOG1 is needed for suppression of las21∆ by 0.1 M Mg 2+ . The indicated strains were streaked across each of two plates containing YPD, YPD with 0.1 M MgSO 4 , or YPD with 1 M sorbitol, one set of which was incubated at 25°C and the other set at 37°C (Fig. 4) . Strains containing the hog1∆ mutation (YAT2332 and YAT2333) did not grow in YPD with 1 M sorbitol in either temperature. In contrast, all the strains tested grew in YPD with 0.1 M MgSO 4 even at 37°C. The result that the double mutant las21∆ hog1∆ was able to grow at 37°C in YPD with 0.1 M Mg 2+ indicates that suppression by Mg 2+ does not require Hog1 activity. Since 1 M sorbitol is toxic for the hog1∆ cells, it is impossible to examine whether or not HOG1 is needed for suppression of las21∆ by high osmolarity. It should be noted that the hog1∆ strain grew in YPD with 0.1 M MgSO 4 . From this fact, we predict that the effect of 0.1 M MgSO 4 on las21∆ is different from that by 1 M sorbitol. The response of the heat shock element (HSE) and the stress responsive element (STRE) to heat shock showed no difference between the wild type and las21∆ strains (our unpublished results).
Multicopy suppressors of las21∆ ∆ ∆ ∆ ∆ We attempted to identify factors playing some roles in the process of physiological suppression of las21∆ by screening multicopy suppressors. YEp24-based yeast genomic libray was introduced into the las21∆ strain (YAT2290) and transformants which were able to grow at 37°C were searched. Among approximately 49,000 transformants tested, 45 candidates were obtained. Plasmid DNA was recovered from each candidate and the nucleotide sequences at the cloning junctions of each plasmid was determined. Thus cloned DNA was categorized into four groups; class I clones (5) were found to contain a DNA segment derived from Chromosome 2, class II (5) derived from chromosome 10, and class III (1) from chromosome 15. Class IV clones (34) which contain LAS21 were not studied further. Since class III suppressor activity was weak, we did not analyze this group either. Suppressor activities of these multicopy plasmids were clearer at 35.7°C, at which suppressors were diagnosed hereafter. Representative plasmids from class I and II were shown in Fig. 5 . The responsible gene for suppressor of las21∆ on each plasmid was delimited by making deletions or by subcloning followed by introducing each derivative into the las21∆ host to test for their ability to complement the las21∆ mutation at 35.7°C (Fig. 6) . Class I suppressor: The responsible gene in this category was found to be ECM33 (YBR078W). According to Lussier et al. (1997) , ECM33 may function in synthesis of cell wall polysaccharides. To gain information about whether ECM33 expression is controlled by LAS21 or 1 M sorbitol, the ECM33-lacZ fusion gene (TOp682) was constructed and was integrated into the ECM33 locus of each of the wild type strain and the las21∆ strain. ß-galactosidase produced in log-phase culture , or in culture shifted to 37°C, or in YPD with 1 M sorbitol of each transformant was examined (Fig. 7) . ß-galactosidase activity was similar in the Las + strain and in the Las -strain under all the conditions tested. ß-galactosidase activity was not induced eiter by heat or by high osmolarity. These results indicate that ECM33 expression is an unlike target of 1 M sorbitol action. To examine whether ECM33 is required for suppression of las21∆ by 1 M sorbitol or 0.1 M Mg 2+ , the ECM33 gene was disrupted in the wild type as well as in the las21∆ background. Unexpectedly, the ecm33 disruptant itself displayed temperature sensitivity and this defect was suppressed by (upper panel) and YAT2408 (LAS21 ECM33-lacZ) (lower panel) in 100 ml YPD were grown to mid logarithmic phase at 25°C with shaking. Each of two cultures were divided into four parts (25 ml each), each part was incubated at 25°C in YPD, or 37°C in YPD, or at 25°C in YPD with 1 M sorbitol, or at 37°C in YPD with 1 M sorbitol. Five ml portions were taken out at the indicated intervals and cells were harvested by centrifugation. Cell extracts were prepared by the glass beads method and protein concentration and ß-galactosidase activity were determined. ß-galactosidase unit was expressed as a relative value to that at the start of the experiment. (Fig. 8) , indicating that ECM33, although . W303-1B (wild type), YAT2290 (las21∆), YAT2521 (ecm33 ∆), and YAT2527 ( las21∆ ecm33∆ ) were streaked across two YPD plates, YPD with 1M sorbitol, and YPD with 0.1 M MgSO 4 . On YPD plate was incubated at 25°C and the rest of the plates were incubated at 37°C for 3 days. a, YPD with 0.1 M MgSO 4 at 37°C; b, YPD with 1 M sorbitol at 37°C; d, YPD at 25°C. its overexpression overrides the las21∆ defect, is independent of physiological suppression of las21∆. Class II suppressor: The responsible gene in this category of the suppressor was found to be PIR2/HSP150 (YJL159W). Pir2 is an extracellular heat shock protein (Russo et al., 1992; Toh-e et al., 1993) but its physiological function is obscure. To examine whether PIR2 expression is controlled by LAS21, PIR2-lacZ fusion gene was constructed. TOp772 possessing PIR-lacZ was integrated at the PIR2 locus of each of the wild type strain and the las21∆ strain. W303-1B PIR2-lacZ cells and YAT2290 PIR2-lacZ cells in logarithmic phase at 25°C were divided into four parts. Each part was incubated at 25°C, or at 37°C, or in YPD with 1M sorbitol at 25°C, or in YPD with 1M sorbitol at 37°C. At the indicated intervals, cells were collected and disrupted to obtain extracts as described in Materials and Methods. Changes of ß-galactosidase activity displayed by cells exposing to heat were marginal and wild type cells and las21∆ cells showed essentially the same responses (Fig. 9) . When cells were exposed to high osmolarity, ß-galactosidase production was reduced in either strain. Altogether, the PIR2 gene expresses similarly in either the wild type strain or the las21∆ strain.
To examine whether PIR2 is needed for physiological suppression of las21∆, tetrad segregants (las21∆, pir2∆, and pir2∆ las21∆) were obtained from the diploid prepred by crossing YAT2290 and W1926-C (pir2::HIS3) and their growth was tested in the indicated medium. As shown in Fig. 10 , temperature sensitive growth shown by the double mutants was suppressed by either physiological conditions, indicating that PIR2 does not play any role in physi- Fig. 9 . Expression of the PIR2-lacZ fusion gene in the wild type strain and the las21∆ strain. Cells of YAT2529 (las21∆ PIR2-lacZ) (upper panel) and and YAT2528 (LAS21 PIR2-lacZ) (lower panel) in 100 ml YPD were grown to mid logarithmic phase at 25 °C with shaking. Each culture was divided into four parts (25 ml each), each part was incubated at 25°C in YPD, or 37°C in YPD, or at 25°C in YPD with 1 M sorbitol, or at 37°C in YPD with 1 M sorbitol. Five ml portions were taken out at the indicated intervals and cells were harvested by centrifugation. Cell extracts were prepared by the glass beads method and protein concentration and ß-galactosidase activity were determined as descrobed above. ß-galactosidase activity at 0 time (997 units) was defined as 1 in both experiments. ological suppression.
DISCUSSION
LAS21/GPI7 (YJL062W), MCD4 (YKL165C), and YLL031C are classified into a subclass of transmembrane proteins which is belonged to the major facilitator super family. In contrast to the LAS21 gene, both MCD4 and YLL031C genes are essential. Complete absence of the ORF of YJL062W causes temperature sensitive growth. Benachour et al. (1999) and Toh-e and Oguchi (1998) independently constructed the diruptants of the YJL062W and described phenotypes of them with some discrepancies. Benachour et al. (1999) described that yjl062w∆/yjl062w∆ diploid cells did not sporulate and a haploid disruptant was hypersensitive to calcofluor white. In this study, we observed that sporulation of the yjl062w∆ homozygous diploid and spore clones were viable and recoverable and that the haploid disruptant was more resistant to calcofluor at 25°C than wild type strain they derived (Fig. 1) . Since both disruptions removed the whole ORF of the YJL062W gene, these differences may be due to strains used in two groups.
The results reported by Benachour et al. (1999) that las21/gpi7 acts in metabolism of GPI precursors are consistent with the report that Mcd4, which belongs to the same subgroup of the protein family as Las21, plays some roles in GPI metabolism (Gaynor et al., 1999) . And the defect of GPI metabolism in the las21/gpi7 mutant can explain many of the phenotypes displayed by the las21 mutants. We found poor mating between a MATa las21∆ strain and a MATa las21∆ strain (Table 3) . We interpreted this observation as such that since Agalpha 1 and Aga1, both of which are GPI-anchored proteins, are essential (Lipke et al., 1989; Roy et al., 1991) in mating reaction between MATa and MATα cells, the GPI shortage due to the las21/gpi7 mutation likely resulted in reduction of these agglutinins thereby reducing the mating efficiency between a las21∆ and α las21∆ cells dramatically.
Spores of budding yeast is usually resistant to lytic enzyme treatment. Unexpectedly we found that the las21∆ spores are sensitive to Zymolyase treatment (Fig. 2) . A similar phenotype is known in the mutants defective in the outer most spore wall structure, such as dit1 and dit2 (Briza et al., 1990 ) and dit101/csd2 (Pammer et al., 1992) . DIT1 encodes an putative enzyme leading from L-tyrosine to the tyrosine-containing precursor which is, in turn, converted to LL-dityrosine containing precursors by Dit2, a member of cytochrome P450 (Briza et al., 1994) . Epimerization of LL-to DL-dityrosine occurs after LL-dityrosine precursors deposit in the wall. In the dit101 mutant, a chitosan layer, as well as dityrosine, of spore walls is missing (Pammer et al., 1992) . This secondary wall gives spores resistance to adverse environmental conditions. Neither Dit1, Dit2, nor Dit101/Chitin synthease 3 is classified in GPI-anchored protein, however, their localization or the site of action may be intervened by some kind of GPI proteins or other cell wall proteins. In this context, it should be noted that diploids homozygous with respect to gpi1, gpi2, or gpi3 are defective in forming the ascospore wall containing dityrosine (Leidich and Orlean, 1996) .
Major constituents of yeast cell wall proteins are GPIanchored proteins and Pir-proteins (Kapteyn et al., 1999a; 1999b ). The Pir-protein level rises when the GPI-anchored protein level reduces, vice versa (Kapteyn et al., 1999b) . We obtained two multicopy suppressors of las21∆; they are ECM33 (Lussier et al, 1997) and PIR2 (Russo et al., 1992 : Toh-e et al., 1993 both of which are components of cell wall proteins. Ecm33 is a member of GPI-anchored proteins and is believed to participate in maintenance of cell wall architecture. The fact that ECM33 is identified as a multicopy suppressor of las21∆ is consistent with the report that GPI metabolism is abrogated in the gpi7∆ (= las21∆) cells. Overexpression of ECM33 may push equilibrium of the reaction to the production of GPI-Ecm33 in the las21∆ cells in which the GPI level is redued thereby protecting cell wall integrity. The mechanism of suppression of las21∆ by overexpression of PIR2 can be similarly explained by assuming that Pir2 overproduction support the cell wall intgrity, however, GPI is not involved in the production.
Apparently 1 M sorbitol and multicopy suppressors impose a similar effect on the las21∆ mutation to recover the ability to grow at a higher temperature. How do the physiological suppressors such as 1 M sorbitol and 0.1 M Mg 2+ manifest their actions? Is there any connection between physiological and genetical suppressors? It is well documented that high osmolarity activates the HOG1 pathway (Brewster et al., 1993; Maeda et al., 1994 Maeda et al., , 1995 . However, activation of the HOG1 pathway does not seem to be the mechanism of suppression of las21∆ by 1 M sorbitol for the following reasons: (1) overexpressin of HOG1 did not suppress the temperature sensitivity of las21∆, and (2) over expression of active Hog1 kinase, PSB2 EE , in the las21∆ cells did not recover the ability of the las21∆ strain to grow at 37°C. However, since a hog1∆ strain is sensitive to 1 M sorbitol, it is impossible to test whether 1M sorbitol would suppress las21∆ in the absence of Hog1. We observed that 0.1 M Mg 2+ recovered the growth of the las21∆ hog1∆ double mutant at 37°C (Fig. 4) , indicating that suppression of las21∆ by 0.1 M Mg 2+ is independent of the HOG1 pathway.
Formally, it is possible that ECM33 and PIR2 might be induced by high osmolarity or 0.1 M Mg 2+ thereby suppressiong las21∆. When ECM33-lacZ expression was examined (Fig. 7) , no significant difference in ß-galactosidase activity was observed in the wild type strain, as well as in the las21∆ strain, among environments tested. We concluded, therefore, that it is unlikely that physiological suppression acts via expression of ECM33. This conclusion is supported by the fact that the temperature sensitive growth of the las21∆ ecm33∆ cells was suppressed by 1 M sorbitol or 0.1 M Mg 2+ . PIR2-lacZ expression was examined in the wild type cells and in the las21∆ cells. ß-galactosidase activity was in a similar extent in two strains under conditions tested, indicating PIR2 induction is an unlike explanation for the PIR2 gene to act as a multicopy suppressor of las21∆. This was supported by the experiment in that temperature sensitive growth of the las21∆ pir2∆ strain was suppressed by either 1 M sorbitol or by 0.1 M Mg 2+ .
Altogether, 1M sorbitol may suppress las21∆ by raising osmotic pressure to protect cells from lysis and ECM33 and PIR2 may do so by producing extracellular material. In contrast to the suppression by 1 M sorbitol, suppression by 0.1 M Mg 2+ may be conducted by a different mechanism; it is unlikely that 0. 
